Protoplasts of Bacillus megaterium produced by lysozyme (Weibull, 1953 ) and a quantitative determination of the degree of gram-positivity (Bartholomew, 1962) In the present paper, the reason for these conflicting results are explained.
Protoplasts of Bacillus megaterium produced by lysozyme (Weibull, 1953 ) and a quantitative determination of the degree of gram-positivity (Bartholomew, 1962) are tools for the evaluation of the relative role of the cell wall, cytoplasmic membrane, and cytoplasm in establishing the gram-positive state of the intact cell. The degree of gram-positivity of the intact cell could be the sum of the contributions of each of these three cellular components, or it is possible that any one by itself could be of primary importance. The degree of gram-positivity of ruptured protoplasts should indicate the contribution of cytoplasm, that of intact protoplasts should show the contribution of the cytoplasm and the cytoplasmic miiembrane, and that of intact cells should show the contribution of the cytoplasm plus the cytoplasmic membrane and the cell-wall structure. The results of such experiments are presented in this paper.
Conflicting reports have been published concerning the Gram nature of B. megaterium protoplasts. Gerhardt, Vennes, and Britt (1956) reported them to be gram-negative, whereas Amano et al. (1956) reported them to be gram-positive.
In the present paper, the reason for these conflicting results are explained.
MATERIALS AND METHODS
Protoplasts were obtained from 2-hr-old cultures by use of lysozyme and 0.2 M sucrose in 0.03 M phosphate buffer (pH 7.0) as described by Weibull (1953) . The protoplasts were given sufficient stability for washing and slide preparation by fixation in one part formalin to five parts of culture. For intact cells, 2-hr cultures were also used. These cultures were suspended in sucrosebuffer, formalin-fixed, and washed exactly as for the protoplasts. After the third wash, both intact cells and protoplasts were suspended in saline to give a standard turbidity of 60 in the KlettSummerson colorimeter with a no. 66 filter. Such light suspensions were used to give smears on glass slides in which cells and protoplasts were well separated from each other. After air drying, all smears were heat-fixed. In some experiments the smears are termed "unwashed." In these, no wash steps were used to remove the sucrose-buffer or the formalin. Staining was done with a quantitative wet or dry Gram procedure, as described by Bartholomew (1962 Table 3 , part A). Although it is difficult to determine the details of the procedures used by Amano et al. (1956) , several differences between their procedures and those used to obtain the data shown in Tables 1  and 2 (Bartholomew, 1962) was used along with the following: Hucker's crystal violet, Burke's iodine, 95% ethyl alcohol as the decolorizer, and 0.25% safranine as the counterstain. All cells were from 2-hr cultures and were fixed in 0.2 M sucrose with formalin, followed by saline wash.
Final suspension was in saline. Bartholomew (1962) (Table 3 , parts C and D), it was found that sucrose did retard decolorization rate. It was apparent that, if the protoplasts were in a suspension of sucrose, whereas the intact control cells were from saline suspensions, the protoplasts might appear to be gram-positive in comparison with E. coli. When the suspension media were identical (Table 3 , part D), the true nature of the protoplasts was shown to be gram-negative. Consequently, the gram-positivity of protoplasts reported by Amano et al. (1956) in all likelihood could be attributed to a laboratory-produced artifact. DIscussION
The fact that ruptured protoplasts possessed almost no resistance to decolorization would indicate that the gram-positivity of intact cells of B. megaterium was not due to a gram-positive substrate present in the cytoplasmic components. The fact that intact protoplasts were only slightly more resistant to decolorization than ruptured protoplasts would indicate that the permeability characteristics of the cytoplasmic membrane did not contribute to gram-positivity to any important extent. [Salton (1964) has expressed the meaning of the word "permeability" as used here: "It hardly needs emphasizing that the term permeability is not used here in a physiological sense. It has been used to indicate the differential extractability of the Gram stain reagents in certain organic solvents, due to the possession of a barrier, or a substance, or structure, retaining the crystal violet-iodine complex within the Gram-positive cell."] Thus, most of the gram-positive characteristic of B. megaterium can be attributed to the cell-wall structure. The cell wall might be responsible for gram-positivity in several ways, such as affinity for crystal violet, the presence of a chemical substrate which is gram-positive, or because of permeability or permeation characteristics. If it were primarily a matter of cell-wall stainability (Lamanna and Mallette, 1954) , or of a gram-positive substrate in the cell wall (Chelton and Jones, 1959) , then mechanically ruptured cells should still possess a good deal of gram-positivity, which they do not (Benians, 1912; Burke and Barnes, 1929) . More is involved than just cell-wall material, as shown by the fact that an intact cell is also required. One logical explanation of this would be that permeability characteristics are involved, that is, the permeability characteristics of the dye, iodine, or solvent molecules, either alone or in combinations, moving through the intact cell envelopes. Any change in the intact cell such as mechanical rupture would remove a considerable part of the effectiveness of the cell envelopes as a barrier, and any enzymatic attack could change original permeability characteristics. The observed effect of lysozyme (a polysaccharidase) does not mean that polysaccharides in themselves are responsible for gram-positivity. Other agents can give the same result, such as ribonuclease (Bartholomew and Umbreit, 1944) , bile digestion (Henry and Stacy, 1943) , exposure to ultraviolet light (Bartholomew and Mittwer, 1952) , or holding aqueous suspensions at high temperatures (Churchman, 1929) .
If we accept the fact that the intact cell wall is of prime importance to the gram-positive state, we must still explain the observation that the dye-iodine precipitate can be removed from the cell-wall area, yet on completion of the Gram procedure the cell will appear as gram-positive (Bartholomew and Finkelstein, 1958) . One possible answer is that both the cell wall and the cell interior must be heavily charged with the dye-iodine precipitate. Since 2% solutions of crystal violet are used, much of the dye present in the cell must be in the unbound state, and, on addition of iodine, the majority of the precipitate would be interior to the cell-wall structure. On decolorization, the precipitate in the cell wall would be removed first, but it would take some additional time to remove all of the precipitate present in the cytoplasmic area interior to the cell wall. Thus, a gram-positive cell could lose the precipitate in the cell-wall area, yet still possess sufficient precipitate in the cytoplasm area to result in a greater overall resistance to the decolorization effect than that of gram-negative cells. Such observations also would explain why (as observed by Bartholomew, 1962) high concentrations of crystal violet and iodine result in superior Gram differentiations. The more dyeiodine precipitate in the cells, the wider the difference is between gram-positive and gramnegative organisms regarding total decolorization times.
Scherrer (1963) reached a similar conclusion as to the unimportance to Gram differentiation of dye in the cell-wall area; however, he proposed that the intact cell wall was in some way responsible for better dye absorption inside the cell, which contributed to Gram differentiation.
That is, he considered the importance of the intact cell wall as a mechanism responsible for high total dye absorption of intact cells rather than as a permeability barrier to solvents, dye, or iodine.
In our opinion, permeability differences best explain the known data concerning Gram differentiation. The possible nature of the differences V-OL. 90, 1965 ROLE OF CELL COMPONENTS IN GRAM DIFFERENTIATION between the cell walls of gram-positive and gramnegative organisms, which might be responsible for Gram differentiation, has been competently discussed by Salton (1964) . However, sufficient facts are not at hand to completely clarify the situation.
